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Hye  following  etre  beam  parameters  measured  at  the  eye: 

Pulse  Width  - 500  nsec 
PPJ^  - 120  KHz 

Average  Power  - 100  nw  ma>: 

The  predicted  retinal  spot  configuration  is  that  of  an  elongated 
rectangle  170  u by  20  u.  Ftetinal  bums  in  all  cases,  however,  were  circular 
in  nature;  and  no  explanation  for  this  phenomenon  has  been  found.  It  is  also 
to  be  noted  that  pathologic  examinaticai  of  the  retinal  lesions  (li^t 
microscopy)  demonstrated  a peculiar  annulcir  of  ring  shape  that  was  unexpected, 
Cltus  effect  has  been  noted  in  other  long  pulse  e>gx)sures  with  different 
wavelengths) . 

Four  exposure  durations  were  evalviated  as  follows: 


Exposure  Duration 

.125  Sec 

.5  Sec 

1.0  Sec 

8.0  Sec 

No.  of  Exposures 

130 

198 

448 

285 

EDso,  nw 

55.6 

37.9 

39.0 

19.4 
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IMTHODUCTICN 


The  Gallium  Arsenide  (GaAs)  semiconductor  laser  is  finding 
application  in  devices  vihitii  subject  human  eyes  to  laser  radiation. 
Insufficient  data  existed  to  allow  adequate  determination  of  the 
oculcu:  h£izard  associated  with  such  ^plication.  The  geometrical 
and  optical  characteristics  of  the  laser  produce  hi^Hy  divergent 
output  radiation  viiich  must  be  collimated  for  most  uses.  It  was  the 
purpose  of  this  study  to  produce  a GaAs  laser  beam  capable  of  causing 
retinal  bums,  to  evaluate  the  beam  characteristics,  and  to  determine 
ocular  damage  threshold  levels. 


MATERIALS  At®  MEMHODS 

An  RCA  7610  GaAs  laser  diode  served  as  the  radiation  source  in 
all  the  experiments.  The  laser  vas  operated  in  the  high  r^Jetition 
rate  mode  with  the  operating  parameters  optimized  for  maximum  average 
powr.  With  the  laser  maintained  at  ambient  tenperature,  junction 
heating  caused  by  the  hi^  driving  current  restricted  the  duty  cycle 
to  0.1%  and  the  average  po^er  to  5 milliwatts.  Cooling  of  the  diode 
to  cryogenic  tenperature  enabled  it  to  lase  with  lower  driving 
current.  A much  higher  duty  cycle  was  possible  before  junction 
heating  became  significant.  A power  supply  was  designed  and 
constructed  to  drive  the  diode  to  maximum  output  at  both  operating 
temperatures.  E}p>eriments  were  performed  in  both  ranges.  Typical  of 
solid  state  devices,  the  laser  required  no  warm-up  time,  delivering 
full  output  power  instantly  vdien  driving  current  was  applied.  Ttiis 
fact  was  used  to  the  advantage  of  laser  lifetime  by  gating  the  laiser 
on  only  for  the  exposure  duration. 

Ihe  exposvure  system  is  depicted  in  schematic  form  by  Figure  1. 

The  manufacturer  packaged  the  laser  diode  in  a threaded  coaxial 
mount.  A solid  copper  block  ccnprising  the  cold  finger  of  a IM 
cryostat  was  provided  with  a threaded  hole  to  accept  the  coaxial 
mount,  providing  rigid  mechanical  sipport  and  good  thentBl  contact. 

The  laser  was  oriented  with  the  p-n  junction  of  the  diode  in  the 
horizontal  plane.  A simple  21.8  mm  focal  length  lens  collimated  the 
laser  emission  eind  directed  the  resulting  beam  to  a beam  flitter 
which  diverted  90%  of  the  radiation  into  the  experimental  eye.  An 
ROV  C31000E  photomultiplier  detected  the  remainder  of  the  beam 
through  a diffuse  transmitter.  A Helfe  laser  beam,  introduced 
collinearly  with  the  GaAs  laser  beam,  facilitated  aiming  and  alignment. 
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A gonianeter  mount  provided  acxurate  rotation  of  the  animal  about 
the  pupil  of  the  eye  to  be  exposed,  allowing  precise  positic«i  of  the 
exposures,  “Ihe  exposure  sites  were  observed  and  pAxJtographed  through 
the  beam  splitter  via  a Zeiss  fundus  camera.  An  electronic  camera 
shutter  controlled  the  exposure  duration  and  provided  the  gate  signal 
for  the  Iciser  power  supply. 

Calibration  of  the  exposure  system  was  performed  by  placing  the 
calibration  standard,  a TRG  100  ballistic  thermopile,  in  the  eye 
exposure  position.  Upon  eaqxjsure,  this  detector  measured  the  energy 
which  would  enter  the  eye  (TIE) . Simultaneously,  the  photomultiplier 
signal  due  to  the  reference  beam  was  oscillografhed,  the  recorded 
signal  consisting  of  a superposition  of  all  the  pulses  emitted  by  the 
Iciser  during  the  exposure.  A counter  indicated  the  nmrber  of  pulses. 
Within  a series,  the  pulse  width,  shape,  frequency,  and  number  of 
pulses  per  exposure  were  held  constant.  Thus,  the  TIE  was  directly 
proportional  to  the  peak  pulse  hei^t  indicate  by  the  jiiotomultiplier 
in  the  reference  beam.  Ccrpariscwi  to  the  TRG  100  output  yielded  the 
constant  of  proportionality.  A calibration  was  performed  each  day 
that  an  aniital  was  exposed. 

The  beam  characteristics  were  investigated  as  a necessary  peurt 
of  describing  the  exposure  system.  Ihe  optics  of  the  delivery  system 
were  chosen  to  deliver  the  naxinum  irradiance  at  the  retina.  The 
focal  length  of  the  collimating  lens  provided  a conprcmise  between  the 
theoreticcil  optimum  and  the  physical  limitaticxis  inposed  by  the 
cryogenic  cooler.  The  uncolliitated  laser  ouQJUt  lay  aOmost  entirely 
within  a 28°  square  cone,  producing  a beam  11  nrn  x 11  nm  at  the  lens. 
The  beam  produced  at  best  collimation  was  5 mm  square  at  the  eye 
position.  Best  collinatiai  was  achieved  in  practice  by  obtauning 
the  sharpest  image  of  the  p-n  junction  at  a distance  of  7 meters,  this 
being  the  neairest  ccaivenient  point  to  infinity  within  the  laboratory. 

Given  the  collimator  focal  length  of  21.8  nm  and  laser  source 
diitensions  of  230  u x 2 y,  the  expected  beam  divergence  is  10.5  mr  x 
.2  mr.  A far  field  camera  verified  these  expectaticans.  The  camera 
was  positioned  with  the  entrance  aperture  (coincident  with  tte  lens) 
at  the  position  in  the  system  normally  occupied  by  the  e:periroental 
eye. 
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Hie  far  field  pattern  was  photograpiied  (Figure  2)  and  the  profile 
in  both  directions  determined  via  densibanetry.  The,  profiles 
(Figure  3)  eu?e  consistent  with  the  calculated  beam  divergerice.  At 
threshold  the  entire  exit  aperture  emits  uniformly,  eind  the  far  field 
pattern  conforms  to  a beam  divergence  of  11  ittr  x .2  mr.  At  operating 
levels  above  threshold,  the  laser  ceases  to  emit  uniformly  cilcxig  the 
length  of  the  junction  as  exhibited  by  the  nonuniform  far  field 
pattern.  During  the  course  of  the  eiqieriments  the  camera  was  apertured 
dcwn  to  considerably  smaller  than  the  pupil  of  the  e^gierimental  animal 
eyes  with  no  degradation  of  image  other  than  reduced  intensity. 

The  spatial  distribution  at  the  focal  plane  of  the  far  field 
camera  is  that  vAiich  should  appear  at  the  retina  of  an  unaoccmmodated 
emetrcpic  eye,  with  a reduction  in  size  prcportional  to  the  focal 
lengths.  Thus,  the  expected  retinal  energy  distribution  is  completely 
described. 

Ancillary  to  the  preceding  was  an  investigation  of  the  wavelength 
emitted  by  the  laser.  The  output  wavelength  of  the  semiocai^uctor 
laser  is  tenperature  dependent,  shifting  approximately  2.5  A p>er  “K. 
When  the  laser  is  first  turned  on  there  is  a rapid  shift  toward  longer 
wavelengths  as  the  tenperature  rises  to  aoconmodate  the  heat  created 
by  the  driving  current.  The  wavelength  stabilizes  vten  the  diode 
reaches  thermal  equilibrium.  All  the  exposures  in  these  expieriments 
included  the  shifting  porticn  of  laser  output.  Therefore,  the  shift 
was  eigierimentally  evaluated. 

Hie  laser  was  operated  at  the  low  temperature  exposure  parameters 
(Table  II) . Hie  output  was  directed  into  grating  monochrcmater  and 
the  transmitted  radiation  detected  with  a photomultiplier.  Hie 
monochrcmater  transmission  and  photomultiplier  sensitivity  were 
assumed  to  be  flat  throughout  the  wavelength  interval  of  interest. 

The  monochrcmater  vas  set  at  a wavelength  within  the  expected  output 
range,  the  laser  turned  on  for  one  second,  and  the  photomultiplier 
output  oscillographed.  After  the  laser  recovered,  the  monochrcmater 
wavelength  was  incremented  and  the  process  repieated.  The  entire 
output  band  was  covered  in  this  manner.  Hie  resulting  series  of 
oscillographs  represented  pcwer  versus  time  at  constant  wavelength, 
vhich  was  then  converted  to  power  versus  wavelength  at  constant  time 
(Figure  4) . Zero  time  wavelength  was  8525  A according  to  the 
manufacturer.  It  was  not  meeisured  here.  The  initial  s^ift  was  very 
rapid,  stabilizing  in  .4  seconds  at  approximately  8640  A.  The 
bandwidth  at  half  maximum  was  26  A. 
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The  aninals  used  in  these  experiments  were  rhesus  monkeys 
(Macaca  Mulatta)  weiring  between  2 eind  5 kg.  Preanesthetic  medicatic»i 
consisted  of  a sedative  dose  of  phencyclidine  hydrochloride  (0.25  mg/kg) 
intramuscular  and  atropine  svilfate  (0.2  mg)  subcutaneously.  Anesthesia 
was  induced  with  sodium  pentcAartjital  (approximately  5 wq/kg)  via  the 
saf^nous  vein.  A pediatric  intravenous  injection  set  was  placed  into 
the  Sc^3henous  vein  to  administer  fluids  and  to  facilitate  additional 
anesthetic.  The  pi?>ils  were  dilated  with  phenylephrine  hydrochloride 
(10%)  combined  with  cyclyopentolate  hydrochoride  (1%) . Sutures  of  3-0 
silk  were  placed  in  the  upper  eyelid  to  facilitate  manipulation.  While 
the  eyes  were  open  during  the  experiment,  physiologic  saline  was  used 
to  naintain  good  corneal  transparency. 

The  animals  were  positioned  in  the  exposure  system  and  the  fundus 
examined  via  the  Zeiss  fundus  camera.  Any  abnormalities  were  noted. 
TVenty-five  to  thirty-six  exposures  were  placed  in  a square  array 
about  the  macula,  utilizing  si^jrathreshold  marker  iDums  to  accurately 
locate  the  rows  and  columns  for  subsequent  examination. 

An  absorbing  filter  (OD  18  at  .9  u)  placed  over  the  eyepiece  of 
the  fundus  camera  allowed  direct  observation  of  the  esgosure  site 
during  the  longer  expxDSures.  Eye  movement  during  the  ejgxjsures  was 
thus  detected,  and  any  expxasure  so  comprcmised  excluded  frrati  further 
consideration. 

Detailed  ophthalmoscopic  examinaticxi  of  the  ejgxDsiire  sites  was 
conducted  at  caie  hour  post  exposure.  The  criteria  for  damage  was 
the  presence  of  a lesion  visible  via  this  examination.  The  easily 
visible  lesions,  circular  and  well-circumscribed,  had  a doughnut 
shapie  - a central  p>unched-out  area  surrounded  by  a peripheral  ring. 
Retinal  arterioles,  venules,  and  capillaries  crossed  the  lesions 
without  apparent  intemption.  Retinal  pigment  epithelium  as  well 
as  choroid  in  the  lesicans  appeared  to  have  undergone  alteration 
(Figure  5) . 


HISTOPATHODDGY 

Several  of  the  exposure  sites  were  examined  by  retinal  flat 
prep>araticn  and  histopathologic  sections.  Animals  were  sacrificed 
at  periods  ranging  from  one  hour  to  28  days  post  exposure  for  this 
stu^. 
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Histology  at  one  hour.  Damage  is  centered  about  pigment  epithelium 
and  outer  segnents.  Pi^nent  epitheliun  is  generally  necrotic  or 
ccnpletely  destroyed  in  the  center  of  the  e>5x>sed  area,  but  occasionally 
it  is  only  vacuolated  or  swollen.  Oater  segments  of  rods  and  oones  are 
oorpletely  destroyed  to  form  large  vacuoles  in  the  subretinal  space. 
Discharged  pigment  from  pignent  epithelium  floats  free  in  the  vrc^l^. 
Inner  segnents  of  rods  and  cones  are  gei^ally  sullen  and  eosino|*ulic; 
but  over  aipeas  of  extensive  damage  to  pignent  epithelivan,  they  are 
necrotic  and  even  ccnpletely  destroyed.  Damage  extends  into  the 
nvclear  layer,  which  is  edematous  and  where  nuclei  are  svrollen,  shrun)^, 
or  even  lost.  Other  retinal  layers  are  unremarkable.  Beneath  daroged 
pignent  ^ithelivm,  Bruch's  roentorane  is  swollen,  eosinof^lic,  ^ 
into  the  choroid.  The  chorioc^illaris  is  generally  obliterated  and  the 
remedning  choroid  is  sli^tly  inflamed. 

Ihe  lesions  are  particularly  striking  in  that  many  display  the 
nest  extensive  damage  at  the  edges  rather  than  centrally  (Figure  6) . 

In  sxxh  cases,  the  canters  of  the  lesiens  are  relatively  spared.  At 
the  periphery  of  such  lesions,  necrosis  of  pigment  epithelium  and 

vanr'l  i nn  and  destruction  of  rexis  and  cenes  are  prominent. 

Examinaticxi  of  these  ecxantric  lesions  can  flat  preparatiens  demonstrates 
a cantreil  circle  of  unremarkable  or  sli^tly  swollen  pignent  epxtheliim 
surrxounded  by  a ring  of  ccnpletely  destroyed  pignut  epitlalim 
(Figure  7) . Hecxxnstructicxi  of  the  lesions  by  seri^  sections  cxjnfxrms 
the  dcxi^mut  cxnfiguration.  In  some  ecxantric  lesicxjs,  spared  o'J^er 
retina  is  overlaid  by  vacnnles  formed  fcy  extensive  cx)agulative  and 
lytic  necrosis  of  inner  segments  and  cjuter  nuclear  layers;  this  gives 
rise  to  three  major  fcx:i  of  damage  (Figure  8) . The  eccantric 
cxxifiguration  was  present  in  41  out  of  59  (70%)  acmte  and  one-ciay-old 
lesions  of  all  pcDwer  levels. 

Lesions  produced  the  2 x ED50  level  of  power  closely  resentole 
the  above  lesions  but  are  larger  (approximately  280  v as  opposed  to 
approxinately  160  p)  and  characterized  by  more  destruction.  lasions 
producad  at  the  ED,n  level  of  pewer  do  not  canform  to  the  above 
description.  Ihese  lesicjns  are  difficult  to  detect  and  vhen  found  ^ 
very  small  (25  p) . They  are  characterized  only  by  swelling,  necrosis, 
and  destruction  of  a few  pigment  epithelicd  calls  underlying  small 
vacnales  in  the  subretinal  space. 
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One  day.  Lesica:\s  new  have  more  necrosis  aixi  destruction  in  the 
center  of  the  lesions.  Pigrent  epitheliun,  inner  segnents,  and  outer 
segnents  are  generally  necrotic  and  at  the  periphery  there  is  definite 
ooagulative  necrosis.  Vacuoles  in  the  subretinal  space  are  siraller 
than  at  OTie  hour  and  partially  filled  by  necrotic  d^ris  and  occasicxial 
phagocytic  cells.  A dou^inut  shape  is  still  discernible  but  the  central 
cells,  vhich  previously  apjpeared  to  be  spjared,  new  display  ooagulative 
necrosis  and  destruction  so  that  the  entire  width  of  damaged  pignent 
epitheliun  is  visibly  altered. 

Itiree  to  five  days.  Lesions  are  new  definitely  smaller.  The 
subretinal  space  is  almost  coitpletely  filled  with  amorphous,  coagulated 
debris  though  small  irregular  vacuoles  are  still  seen.  Within  the 
subretinal  space  are  large  numbers  of  ameboid  phagocytes,  containing 
phagocytosed  pigment  and  necrotic  debris.  The  thinned  overlying  outer 
nuclear  layer  dip>s  outward  into  the  subretinal  sp>ace  and  is  edematous. 
Remaining  nuclei  in  the  outer  nuclear  layer,  about  half  of  the  normal 
cciiplement,  are  snail  and  dark.  Pigment  epithelium  generally  has  the 
appeciranoe  of  regenerating  epithelium.  Bruch's  membrane  is  still 
swollen  and  eosinophilic.  The  choriocapi Haris  is  still  partially 
obliterated,  and  leukocytic  infiltration  into  the  choroid  remains. 

Seven  days  and  after.  Lesions  are  considerably  smaller  than  their 
original  size.  Pigment  epithelium  is  still  rough  and  irregular.  Areas 
of  the  subretinal  space  previously  occupied  by  vacuoles  are  new  filled 
with  amorphous  eosinophilic  naterial  and  phagocytic  cells  heavily  laden 
with  pigment.  The  overlying  outer  nuclear  layer,  vhich  is  thinned  and 
depleted  of  nuclei,  dips  into  the  former  vacuolar  space  and  its  nuclei 
remain  deurk  and  ccxidensed.  The  inner  nuclear  layer  is  thickened  and 
dip®  toward  the  depressed  outer  nuclear  layer.  The  ganglion  cell  layer 
shows  disnption,  loss  of  ganglion  cells,  edema,  nuclear  dropping  out, 
and  loss  of  eosinophilic  substance.  Rods  and  cones  surrounding  the 
lesions  appear  to  have  no  alterations.  After  seven  days,  lesions  are 
relatively  inconspicuous.  Pigment  epithelium  is  smooth  and  regular, 
but  pigment  in  the  tips  of  the  cells  is  irregulcur  and  spjarse.  Outer 
retina  is  replaced  by  amorphous  eosinophilic  material.  The  outer 
nuclear  layer  remains  thin.  Other  layers  of  the  retina  and  the  choroid 
are  generally  ururemarkable. 
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j Initied  experiments  were  cxjnducted  with  the  leiser  maintained  at 

' arrbient  tenperature  and  driven  to  the  maxiitum  out^t  possible  at  that 

terperature  (Table  I) . 


Table  I 

(Beam  Parameters  Measured  at  Eye  Position  - 
Room  Tenperature  Operation) 


Pea)c  Power 

- 

4.9  w 

Pulse  Width 

- 

250  ns 

Pulse  Shape 

- 

Square  Wave 

PRR 

- 

5000  Hz 

Qyergy 

- 

1.05  uj/pulse 

Average  Power 

- 

5.25  mw 

X 

- 

9050  A 

Ten  exposures  were  placed  in  the  eyes  of  two  rhesus  nDn)«eys. 
Exposure  duration  consisted  of  2 at  1 second  each  and  8 at  32  seconds 
each.  No  lesions  were  detected  by  cphthalmoscopic  or  pathologic 
examination. 

All  subsequent  experiments  were  performed  with  the  laser 
maintained  at  77“K  (Table  II) . 


7 


Table  II 


(Beam  Parameters  Measured  at 

^e  [77“K]) 

Peak  Power 

- 

1.4  w max. 

Pulse  Width 

- 

500  ns 

Pulse  Shape 

- 

-v  Squcure 

PRR 

- 

120  KHz 

Average  Power 

- 

100  mw  max. 

X - 8525  A to  8640  A 


Threshold  data  was  obtained  at  exposure  duraticxis  of  .125,  .5, 

1 and  8 seconds,  with  pulse  width  and  repetition  rate  held  constant, 
•nie  data  was  subjected  to  exact  prc±»it  analysis,  the  results  of  vAxich 
are  given  in  Table  III  and  Figures  9 and  10. 


Table  III 


Exposure  Duration 

.125  Sec 

.5  Sec 

1.0  Sec 

8.0  Sec 

No.  of 

Animals 

4 

5 

7 

5 

No.  of 

Eyes 

5 

7 

13 

7 

No.  of 

Exposures 

130 

198 

448 

285 

ED50 

(Energy) 

(Power) 

7.0  mj 
55.6  mw 

19.0 

37.9 

39.0 

39.0 

155.4 

19.4 

EDq.I 

(Energy) 

4.0  mj 

5.1 

17.5 

55.9 

(Power) 

32  itw 

10.2 

17.5 

7.0 

Lowest 

Bum  (Ehergy) 
(Poorer) 

6.6  mj 
52.8  mw 

13.4 

26.8 

28.6 

28.6 

131 

16.4 

The  ED50  level  is  plotted  cis  a function  of  exposure  dvuration 
in  Figure  11. 
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Diacussiai 


Ocular  threshold  levels  for  the  GaAs  laser  were 

determined.  Ihe  experiment  was  sufficiently  defined  to  predict  a 
rectangular  retinal  irradiation  gecnietry.  Uie  retinal  turns  were  in 
all  instances  circular  in  shape  vAien  viewed  ophthalmosoapically , and 
were  frequently  annular  in  shape  in  retinal  flat  preparation  and^ 
histopathological  section.  Several  possible  e:q)lanatKX^  for  this 
discr^>ancy  exist.  Periv^  a precisely  rectangular  retinal  image 
was  not  delivered.  Althou^  all  eyes  were  refracted  in  the  visible, 
no  correction  was  made  for  the  860  nm  wavelength.  It  is  possible 
that  a lansing  effect  could  be  generated  by  thental  gradients  ne^ 
the  retinal  exposure.  The  lesions  may  represent  choroidal  reactions 
to  radiation  adtered  by  the  superficial  retinal  layers.  The  retinal 
response  may  be  a result  of  the  pulse  repetition  frequency  of  the 
iiput  radiation.  Additional  eiqx)sure  data  with  similar  beam 
characteristics  using  other  laser  wavelengths  may  add  insist  to  the 
results  of  this  eiq)erimBnt. 


NOTE 

"In  conducting  the  research  described  in  this  report,  the 
investigator (s)  adhered  to  the  'Guide  for  Laboratory  Animal 
Peicilities  aiid  Care'  as  pronulgated  by  the  Comiittee  on  the  Guide 
for  LabwratOTy  Animal  Facilities  and  Care,  of  the  Institute  of 
Laboratory  Animal  Resomroes,  National  Academy  of  Sciences  - 
National  Research  Council." 
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LEEEM)  OF  FIGURES 

Figure  1 GaAs  EiQjeriniental  Configuraticxi 

Figure  2 Fcurfield  pattern  of  oollimated  GaAs  laser  beam.  Upper 
E*K)to  sho^  pattern  with  laser  operated  at  threshold. 
Lower  £*K)to  shows  pattern  with  laser  operated  at  2X 
threshold. 

Figure  3 Collimated  Beam  Divergence  - GaAs  Laser 

Figure  4 Spectral  anissicn  of  the  GaAs  laser  as  a function  of 
elapsed  on-time.  The  laser  is  turned  on  at  time  0. 

Figure  5 Fundus  photograph  of  rhesus  monkey  eye  showing  retinal 
lesions  cifter  GaAs  irradiation. 

Figure  6 Photondcrograph  of  acute  (one  hour  post  exposure) 

diorioretinal  lesion.  Damage  is  centered  vpon  pigment 
epithelium  and  rods  and  ocxies  which  are  mostly  necrotic. 
Note  relative  sparing  of  pigment  epithelium  centrally 
and  conplete  destruction  of  pigment  epithelium  pe- 
ripherally. (Hanatc»qrlin  and  eosin,  x500.) 

Figure  7 Flat  preparation  of  pigment  epitheliim  demcnstrates 
the  dou^inut  configuration.  Conplete  destruction  of 
pigment  epithelium  periphery  is  centered  about  a core 
of  unaltered  epithelium.  (Unstained,  xl25.) 

Figure  8 The  acute  response.  This  section  typifies  those  le- 
sions characterized  by  three  major  loci  of  damage.  Two 
major  loci  are  centered  on  the  pigment  epithelium  and 
a third  locus  is  in  the  outer  nuclear  layer  and  svper^ 
ficial  rods  and  cones.  Between  the  three  loci,  rods 
and  cones  are  swollen  but  not  destroyed.  Note  extension 
of  the  damage  into  the  outer  plexiform  layer.  (Hana- 
tojylin  and  eosin,  x500.) 

Figure  9 Retinal  damage  probability  for  GaAs  laser  O’.  125  sec 
exposure  and  0.5  sec  exposure. 

Figure  10  Retinal  damage  probability  for  GaAs  laser  1 sec  and 
8 sec  exposure. 

Figure  11  Fifty  percent  probability  level  versus  exposure  durar 
tion. 
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DIVERGENCE  ANGIE  - Mllllradlans 


COLLIMATED  BEAM  DIVERGENCE  - GAAS  LASER 


TI>e.  SEC 


SPECTRAL  EMISSION  OF  GAAS  LASER 


14 


Total  Intraocular  Power--mw 
RETINAL  DAMAGE  PROBABILITY  FOR  GaAs  USER 
•125  see  exposure  and  .5  sec  exposure 


Figure  9 
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7.  damage  probability 


4 6 8 10  20  40  60  80  100 

Total  Intraocular  Power — mw 


RETINAL  DAMAGE  PROBABILITY  FOR  GaAs  LASER 

8 see  exoosure  and  1 sec  exoosure 


I 


Figure  10 
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50Z  DAMAGE  PROBABILITY  POWER  LEVEL  VS.  EXPOSURE  DURATION 


Figure  11 
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